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FATnr ACID lERMlNATED POLYANBySRlDES 



Background of Ae Invention 

5 This invention is in the area of polymen for controlled 

delxveiy of substances, and more specifically enconqxasses 
biodegradable polyanhydrides v^iose end groups axe femunated with 
fiitty adds, and methods for making thereof. 

There has been extensive research in the area of 

10 biodbgradable controlled release systems for bioacdve compounds. 
Biodegradable matrices for dnig delivety are usefiil because they 
obviate the need to remove non-btodegradable dnig-depleted devices. 
The ideal polymeric matrix would combine the characteristics of 
hydrophobicity, stability, organic solubility, low melting point, and 

15 suitable degradation profile. Such a polymer must be hydrophobic so 
that it retains its iniegri^ for a suitable period of time when placed in 
an aqueous environment, such as the body, and stable enough to be 
stored for an extended peririi before use. The ideal polymer must 
also be strong, yet flexible enough so that it does not crumble or 

20 fngment during use. 

Controlled release devices are typically prepared in one of 
several ways. For example, the polymer can be melted, mixed with 
the substance to be delivered, and then solidified by cooling « Such 
melt fibrication processes require polymers having a meldng point that 

2S is below the temperature at which the substance to be delivered and 
polymer degrade or become reactive. Alternatively, the device can be 
prepared by solvent casdng, where the polymer is dissolved in a 
solvent, axul the substance to be delivered dissolved or dispersed in the 
polymer sohition. The solvent is then evaporated, leaving the 

30 mbstanoe in the polymeric matrix « Solvent casting requires that the 
polymer be soluble in organic solvents. 

Many polymers have been evaluated for their suitability 
for cse as a matrix for a delivery device* including polyeisterSt 
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polyamxdes, polyurethanes, polyonfaoesters, polyaayloniniles, and 
polypho^hazenes. Ncme of these polymers have exfafinted all of die 
desiied chazaaensdcs for use in the controlled delivety of substances. 

Polyanhydtides have also been studied for use in controlled 
5 delivery devices, as reported by Leong, et al., J. Med. Biomed. 
. Mto. Rg». 19, 941 (198S); and J. Med. Biomed. Mater. Re«. 20, 
51 (1986). One of dte first polyanhydrides studied for its controlled 
release behavior was poly(bis(p<aiboxyphenoxy)inethane anhydride), 
described by Rosen, et al., Biomateriyla 4, 131 (1983). The aromatic 

10 polyanhydride exhibited near zero order (linear) erosion and release 
. kinetics at 37*C and 60*'C. Shortly thereafter, three related 
polyanhydrides: poly l,3-(bis(p-caifaophenoxy)propan6 anhydride'(p- 
CFP) (an aronutic polyanhydride); the polymer formed from the 
copolymezization of p-C?? widi sebacic acid (a copolymer of an 

15 aromatic diacid and an c'iphan'c diadd); and poiyierq>hthalic add (an 
aromatie anhydride), were prepared and examined for release rates by 
Leong. etal.. J. Med. Biomed. Mater Rft<. 19, 941 (1985). 

These aromadc polyanhydrides were found to have 
unacceptably. slow degradadon rates. For example, it was estimated 

20 that it would take a delivery device prepared from jhCPP more than 
three years to completely degrade in vivo. Further, anhydride 
homopolymers based on aromadc or linear aliphadc dicarboxylic adds 
were found to be highly ciystaUine and have poor film fomting 
pr ope r t i es. Aromadc polyanhydndes also have high melting points 

25 and low solubili^ in organic solvents. 

Polymers prepared iir^m linear aliphadc diadds are 
hydrophilic solids that degrade by bulk erosion, resulting in a rapid 
release of the drug from the polymeric matrix. Consequendy, linear 
alqphadc diacids are unsuitable for use in controlled drug delivery 

30 systeiris. Hydrophobtcity of such polymers can be ineicased by 
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copolymerizins tfie linear aliphatic diadds widi aroraatLc diadds. This 
a^roadu however^ results in an increase in the polymer meltins 
tenqperamre and a decrease in solubility in organic solvents. 
Furthermore* such copolymerizadoh does not improve the drug release 
S profile, but instead increases the degradadon and die eliminadon time 
of Ae polymer bodi in vivo and In vUro. Since both homopolymcrs 
and copolymers of linear aliphadc diacids are very sensitive to 
motsturet they require storage under anhydrous and low temperature 
condidons. 

10 As described in U.S. Patent 4,757,128 to Domb and 

Langer, high molecular weight copolymers of aliphadc dicarboxylic 
acids with aroinadc diacids are less crystalline than aromadc or linear 
alqihadc polyanhydrides, and they form flexible films* Degradadon 
rates are also increased by copolymcrizing an aromadc dicarboxylic 

15 add with an aliphadc diactd. However, bulk erosion still occurs 
because areas of the polymer containing aliphadc anhydride linkages 
erode faster than aromadc anhydride linkages, forming channels in the 
matrix dirough which the substance to be delivered is released in an 

uncontrolled fuhion. For example, in the p-CPP sebacic acid 
20 copolymer described above, the aliphadc anhydride bonds are cleaved 
in vivo and all of the drug is released in ten days, while the aromadc 
regions remain intact for anodier five and one-half months. Further, 
the copolymers have inferior mechanical properdei; they become 
brittle and ciumble into flakes on exposure to moistuxe. 
25 U.S. Patents that describe the use of polyanhydrides for 

controlled delivery of substances include: U.S. Patent 4,857,311 to 
Domb and Langer, entitled "Polyanhydrides widi Unproved Hydrolydc 
Degxaidation Propezties," which describes polyanhydrides having a 
unifonn distribution of aliphadc and aromatic residues in die chain, 
30 ptepaxed by polymerizing a dicarboxylic acid widi an aromadc end 
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and an aliphatic end; U.S. Patent 4,888,176 to I anger, et al.* entitled 
•Controlled Dnig Delivery High Molecular Weight Polyanhydrides/ 
which describes the preparation of high molecolar weight 
polyanhydrides in combinadon >;^th bioactive compounds for use in 
5 cbntrolled delivery devices; and U.S. Patent 4 J89,724 to Domb and 
Langcr, entitled "Preparation of Anhydride Copolymers", which 
describes the preparadon of very pure anhydride copolymers of 
azomatic and aliphatic diacids. 

There remains a strong need, however, for a polymer 
10 having die desired characterisdcs of hydrophobidty, stability, strengdi, 
flexibili^, organic solubility, low melting point, and appropriate 
degcadadon profile, for use as a matrix for controlled delivery 
devices. It would also be useful to be able to substantially alter the 
degradation and release kinedcs of the polyanhydride for a wide 
15 varzeiy of applications without significandy affecting the physical 
properties of the polymer. 

It is therefore an objea of the present invention to provide 
ft biodegradable polymer that releases an incorporated substance in a 
coiuroUed truumer, wherein the polymer is highly hydrophobic, and 
20 degrades by surface erosion. 

It is a further objea of the present invention to provide a 
biodegradable, surface erodible polymer that is theiraodynamically and 
hydrolytically stable, and can be stored under nuld storage conditions. 

It is a still further object of die present invention to provide 
25 a biodegradable controlled release micropartxculate, injectable delivery 
system suitable for controlled In vivo administntion of peptides and 
proteins, which is not acidic even in the absence of additives* and 
wiuch stabilizes the incorporated peptides and proteins to be released 
. without the use of additives. 
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Siumnary of the Invention 
Fttiy add tennixuted polyanhydrides, and dieir mediod of 
prqoxationt aze disclosed. While not limited, in a preferred 
embodiment, the hxxy add teiminated polyanhydrides have the general 
5 strucnire: . 

0 0 0 0 

' fl U II il 

R'-C-0-[-C-R-C-0-],<:-R' 

v4iercin R is an aliphatic, aronutict or heterocyclic moiety, 
10 R* is a linear fat^ add residue of C« to C^^ and n is an intecer from . 
1 to 500. The polymers are hJfhly hydrophobic, thermodynamically 
and hydrolydcally stable, easily storable, and can be produced with a 
controlled and low molecular weight. The fatty add terminated 
polyanhydrides axe more soluble in organic solvents, and have a lower 
15 mekbe point, than the correspon^ling polyanhydrides diat are not 
' tenninaied with hay acid moieties. 

The fixxy add temiinated polyanhydrides are panicularly 
useful in biodegpradable drug delivery systems since they do not create 
an acidic microenvironnient when degrading, and they stabilize, 
20 without additives, proteins and peptides to be released from such 
systems. 



Brief Description of the Drawings 
Figure 1 is a gta.ph comparing the percent release of 
marcaine free base (FB) from fat^ acid terminated polyanfaydride as a 
- 25 function of time (days): p(STA-SA)(15:85) with 10% nuuccaine FB 
(open square); p(STA-SA)(10:90) with 10% marcaine FB (open 
oianslo); p(STA-SA)(5:95) vdth 10% marcaine FB (-*•); and p(SA) 
with 10% marcaine FB (closed square). 
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Fisuxe 2 is m graph compaxing the percent zelease of 
roazcaine HCl from £uty add temunaxed polyanhydnde as a fiincdon 
of time (days): p(STA-SA)(15:85) with 10% roarcaine FB (open 
scpiaxe); p(STA-SA)(10;90) with 10% maxcaine FB (open triansle); 
5 p(5TA-SA}(5:95) with 10% nuucaine FB (•*-); and p(SA) with 10% 
marcaine FB (closed square). 

Hgure 3 is a graph comparing the cumulative peroem 
release of BS A from fatty acid tenninaiBd polyanhydnde panides as a 
function of time (hours) for p(STA-SA)(40:dO) (open square) and 
10 p(STA-SA)(S0:50) (open triangle). 

Figure 4 is a gnph of the change in molecular wdght of 
poly (STA-SA)20:80 (open square). poIy(STA-SA)40:60 (open 
triangle). poly(SrA-SA)60:40 (open circle), and poly(STA-SA) 80:20 
(*) over lime in minutes. 

Detailed Description of the luventioo 
As used herein, the term aliphatic refers to a linear, 
branched, or cyclic allcuie, aUcene, or glkyne. Preferred aliphatic 
groups in the disdosed polyanhydnde are C« to linear, or branched 
moieries, particularly €« to Cj, linear all^l moieties. 

As used herein, the vam aromatic refers to an unsaairated 
cyclic carbon compound with 4n'tr2 ir electrons. 

As used herein, the term heteroarom&tic refers to an 
aromatic compound that has an atom other than' carbon in the ring, for 
example, nitrogen, oxygen or sulfur. 

As used herein the tenn fatty ^dd refers to a long chain 
(Ct to Cj^ aliphatic carbcxylic acid. 

As used herein the abbieviadons STA and SA refer to 
stearic acid and sebacic acid, respectively. 
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The biodegzadable coropoddons disclosed hefdn are 
polyanhydxide polymers which, during the polymerization process, are 
tennimued with &BCy acid molecules. Natural faxxy adds act as 
polymer chaiia texminators because they only have one caxboxylic add 
S sroap. They are, therefore, usefiil in controlling and limiting tihe 
molecular weight of the polyanhydride polymer. Sudi polymers may 
be eidier high molecular wdght or low molecular weighc The low 
and controlled molecular weight fatty acid tenninated polyanhydrides 
require less stringent storage condidons, due to reduced 
10 depolymerizadon reladve to that observed widi higher molecular 
wdght polyanhydrides described by A. Domb tnd R. Langer, ^ 
MtasnulfiGUiBS. 22, 2117 (1989). Such polymers perform equaUy 
well or better than currendy known polyanhydrides as carriers for the 
controlled release of substances. 
15 The incorporado'i of long chain iaoy acids such as stearic 

add into polyanhydride polymers alters the hydrophobid^ of die 
polymer and decxeases their degradation rate. 

Fatty add terminated polyaidiydrides can be prepared in 
several ways. . In a preferred embodiment, decaxboxylic acids and die 
20 tatty adds axe reacted separately with a lower (C| to C,) aliphadc 
anhydride or add chloride to form mixed aidiydridcs, referred to 
below as "prepolymers," as described in U.S. Patent No. 4,757,128, 
incorpoiated by reference herein. These prepoiymers are then mixed 
and co^wlymerized. Once syndieslzed, die polymers can be combined 
25 with various substances or drugs sought to be released in a controlled 
manner and the mixture formed int^ biodegradable devices by methods 
well known to diose skilled in the art. 

Dicarboxyllc Add Monomers. 
Monomers useful in the pceparadon of the dicarboxyllc add 
30 piq>oIymers are diose of the stnxcure HOjC-R-COjH, wherein R is an 
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I alqphatic, aromatie, or heterocyclic moiety. Noolimidng examples ue 

I alqihatte dicuboxylic acids, as defined by the fozmubu 

I HOOC-H:C-Y-CH,-COOH: aromatic dtcaiboxylxc acids, as defined by 

I . Ae fonnubu: 




aliphatic heterocyclic dicazboxylic acids defined by the formula: 



HOOC 




COOB . 



10 wherein X"0, N or S, n== 1 to 3; aromatic hsterccyclic dicarboxylic 
adds, and aromadc heterocyclic aliphadc dicarboxylic adds. 

The formulas are to be construed to tadude substitutions on 
the aromadc- or aliphatic groups of the dicarboxylic add. The Y 
group is any divalent organic radical, for example an a^phatic 

IS aromadc, or heteroaromadc moiety, and RoR". Any eombinadoa of 
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these dicaxboxylic acids can bns copolymerized. Far example, aromatic 
and alq>hadc heterocyclic dicarfaoxylic acids can be used in 
combmation with aliphatic dicaxboxylic adds. Aron^c diadds can 
be used in coii:d)ination with aliphatic adds. Ftirtfaer, combinaticns of . 

5 atomaiic* ttiipharie and aromadc*aliphatic dicarbox^e adds can be 
polymerized. 

The following monomers are examples of suitable 
dicaiboxylic adds: scbadc acid, phthalic add, tercphthalic add, 
isophflialic add, adipic acid, 1,10-dodecanoic add, bis(p* 

10 carboxyphcnoxyalkane), fumaric acid, 1 ,4-diphenylenediacrylic acid, 
branched monomers such as 1,3,5-benzenetricarfooxylic acid, azeldc 
add, pimelic add, suberic acid (octanedioic acid), itaconic add, ' 
biphenyI-4,4**dicarboxylic acid, and benzophenone*4,4**dtcarboxylic 
add, p-carboxyphenoxyalkanoic acid, hydroquinone*0,0-diacedc add, 

15 l,4-bi$-carboxymethyl benzene, 2,2-bis-(4-hydroxypbenyI)propane- 
0,O^cetic add, 1,4-phcnyIene-dtproptomc. acid, and cydohexane 
dicarboxylic add. 

Monomers should be chosen that produce a flitxy add 
terminated polyanhydride with the desired properdes. For example, 

20 aliphadc dicarboxylic adds of C4 to can be used to increase 

hydrophobidty and moldability of the polymer. Aiomadc dicarboxylic 
adds can be used to increase the solubility of the polyanhydride in 
common organic solvents and to decrease the mdting point of the 
polyanhydride. 

25 Fatty Acid Chain Terminators. 

Natural fatty.acids that c^n be used to alter the properdes 

of the polyanhydride polymers and control their molecular weights 

indude, but are not limited to« caproic, caprylic, capric, lauric, 

myiisdc, palmidc, stearic, arachidic, behenic, lignoceric, heptanoic, 
* 

30 nonanoict undecanoic, tridecanoic, pentadecanoic, heptadcfcanoic, 
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nonadecanoic, heneicosanoic, and tricosanoic acids. Natuzally 
occuxxing n n $a wrat e<i ' hay adds, including aiadiidomc, 
docosahexanoic. elaidic, cracic, linoleic, linolenic, nervonic, oleic, 
palnntoleic and peiriseiinic acids can also be used to prepare the tiay 
add tenranaied polyanhydrides. 

The physical properties of the poiyanhydride can be 
raanqulated by careful selection of die fiit^ add used to terminate die 
polymer. . Short chain fetty acids (C, lo C J can be used to decrease 
the molecular weight of the poiyanhydride widi minimal effect on the 
hydrophobidty characterisdcs of the polymer. Uasatuiated fucy adds, 
such as erode and oleic acid, which have a lower melting point than 
the corresponding saturated fatty acid, are useful to decrease the 
melting point of the poiyanhydride. Long chain fiuty adds (C„ to 
CjJ, can be used to increase the hydrophobidty of die poiyanhydride. 
Methods for Polyme: uting Fatty Add Terminated Polyanhydrides 
Any ndo of hny add units to dicarboxylic add units can 
be used dut produces a poiyanhydride with the desired properties. A 
preferred rado of litzy tcid units to dicarboxylio tdd units in the 
poiyanhydride is 2 to 1000 fatty acid units per 500 units of 
dtcaxboxylic add monomers. A ratio of approximately 85% by wdght 
of dicarboxylic acid to 15% by weight of fiit^ acid is preferred in the 
prepamdon of certain fatty acijd terminated polyanhydrides, including 
those made from sebacic acid and stearic add. 

Fatty acid t«rminaud polyonhydridM eon b« prvpoxvd by 
methods known to those skilled in the art, including melt 
polycondensation and solution polymerizadon of the selected 
dicarboxylic add with the desired amount of fatty add. 

Using the method of melt polycondensation, described by 
Domb, et al., in J. Polv. Sd 25, 3373 (1987), prepolymers can be 
prepared by heating the diacid and &iiy add separately widi a lower 
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al^hatio aahydtide or lower aliphade add chloride to form Ac 
ooaesponding dialiphatic dianhydride (*diacid pr^Iymer") and 
al^hatie £uxy add anhydride Chxcy add prepolymer*)' These 
pwp o lym ers axe then mixed in the dcsxed xado and heated neat under 
5 vacmim to form the fiitty add temunaied anhydride polymer. In a 
. pieiexred embodhnent, acetic anhydride is used to ptqnze the 
ptepolymer. The aliphatic add is stripped off during the 
potymerization process. Combinations of dialiphatie dianhydrides and 
combinaLtions of £it^ acid prepolymers can also be polymerized with 

10 this method. 

Jn a preferred embodiment, the hxcy acid and dicarboxylic 
add prepolymers are heated at 150*C to 220*C in a vacuum of 
greater than 1 mm Hg, for a time ranging from 30 minutes to six 
hours. The polymerizadon time depends on the batch size, and on the 

15 monomer composidon. 

Solution polymerization is preferred when either tho fatty 
add or the dicarboxylic acid is sensidve to heaL Solution 
polymerizadon is described in U.S. Patent No. 4,916,204 to Domb ct 
al.t endded 'One Step Polymcrizarion of Polyanhydrides", 

20 incorporated herein by reference. Solution polymerization involves the 
phosgene coupling of diacids with each other and with the &tty add in 
an organic solvent Poly(4-vinylpyridine-255 divinylbetizene) ("PVP") 
is added to remove the HCl firom solution. For example, dtphosgene 
(0.50 eq^iivalents) is added dropwise to a stirred mixture of the desired 

25 ratio of dicarboxylic acid and fatty acid and poIy(4-vinyIpyridine-2% 
divinylbenzene) (in a ratio of 2 to 3 ^uivalents to 1 equt*/alent of 
monomer) in a. suitable amount of chloroform. The solution is stirred 
for 3 hours at 25*C. The insoluble PVP^HCl is lemoved by 
fUtration. The solvent is then removed and the predpitate is isolated, 
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iffashed wich ethyl ether, and then dried at 25''C for 24 hours in a 
vacuum oven. 

In an altemadve embodiment, using eidier melt • 
polycondensation or solution polymeriiation, the dicarboxyiic acid 

5 unitt are allowed to polymeriie alone for a given time period, and 
thM the fiuty acid terminator is added. 

Materials to be Incorporated. 
A variety of materials, including proteins« carbohydrates* 
and organic molecules, can be incorporated into the polymers using 

10 known methods, including melt casting, solvent preparanon, pressing, 
compression molding, spray drying, microencapsulation, and tabledng« 
The polymers are pardcularly useful for the controlled release of 
proteins and peptides. Examples include drugs and other bioactive 
substances to be released in vivo, such as chemotherapeutic agents, 

15 antibioticst andvirals, /Jidfungals, antiinflammatories, and 
anticoagulants, as well as other substances such as fertilizers, 
herbicides, insecdddes and repellents, that are released over a period 
of time. The substances to be incorporated sho^Id not chemically 
interact with the polymer during fabricadon, or during the release 

20 prKess. Addidves such as inorganic salts, BSA (bovine serom 

albumin), and inen organic compounds can be used to alter the profile 
of substance release. 

The method of producing £itty acid terminated 
polyanhydirides, for ease of illustradon, is described in detaul below for 

25 the polymerization of sebacic acid terminated with stearic acid. The 
method, however, can be used to produce other polymers wherein the 
ratio of stearic acid to sebacic add varies. Further, other polymers 
can be prepared by subsniuting other fiitiy adds for stearic add, and 
other dicaxboxylic acids for sebadc acid. 
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Ennrolc I; Pfcpantion of Fany Acid TcnninMrf PQlvmcn 
A. PrcpaiatiOT of Pre-Polymcn of StMiig Add antf Sgfagig AgM. 

Stearic add (lOOg) was refluxed in acetic anhydride (500 
roO for 20 to 60 minutes. The clear solution was cooled to room air 

5 over several hours, during Mvhich time a heavy while piec^itate 

a|ipeazed. The precipitate was collected by filtxaoLoa and washed with 
a 1:1 hexanezdietfayl ether mixture and dried. The prcpolymer 
(>80% yield) melted at 60-65^C and showed typical anhydride peaks 
at 1740 and 1800 cm*L 

10 The sebadc acid prepolymer was prepared as follows. 

Sebadc add (SA, 200 gm, re^rymUized twice in ethanol)^ was add«d 
to 500 ml of hot acetic anhydnde (> lOO^C) and heated for 20 to 60 
minutes. The dear soludon was filtered through a filter paper and 
evaporated to dryness. To the clear residue 100 ml of dichlormetfaane 

15 or hot isopropylethcr was ad and the mixture was precipitated in 
1000 niL of iscpropylether at room temperature. The white predpitate 
was collected by fikradon and stored in glass containers (yield 
>80%). The prepolymer melted at 75-78 ""C and showed Qrpical 
anhydride peaks at 1740 and 1800 cm-L The optical densi^ of a 1% 

20 solution in dichloromethane at 420 nm was 0«001t indicating high 
. piirity. 

B- Polymerinrion of the Prepolvmers. 

Polymers containing varying combinadons of sebadc add 
prepolymers and stearic acid prepolymers were synthesized by melt 

25 polycondensation polymerizadon at 180*C« Samples were, taken 
periodically as a function of time in order to monitor tlie molecular 
weight changes of the polymer. As illustrated in Figure 4, it was 
found that the synthesized fatty add terminated poiyanhydxide 
polymers (*p(STA:SA)*) reached their maximum molecular weight 

30 within 90 minutes^ and thereafter no significanc chango in molecular 
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wrngfai was observed. In contzast, the molecular weight of sebacic 
add only polymer (*p<SA)") .increased significamly after 90 minutes. 
Foxtfaer, at any given time point in the polymerizatioii j)rocess Ae 
molroihr weight of the sebacic acid polymer p(SA) was significandy 
5 fai^ier than that of the fatsy acid tenninaied polymer p^A'rSA). 

Represemative molecular weights and intrinsic viscosity 
values of die hny acid temiinated polymer and P(SA) were measured 
as a fimcdon of time and are shown in Table 1. p(STA:SA)(lS:85) 
represents fiuty acid terminated polymer prepared using 15% stearic 
10 add prepolymer and 8S% sebacic add prepolymer by weight. As can 
be seen from Table I, stearic acid effecdvely acts as a chain 
termxnatort so that the molecular weight of die p(STA:SA)15:85 fiuty 
add terminated polymers are lower than p(SA) and remain reladvely 
constant during 90 to ISO minutes of polymerization. 

Table I: Comparison 3f Wt ight Average Molecular Weights and 

viscosity of p(STA:SA) and p(SA)« 



Time 
(min) 


Mwof 
P(STA:SA); 
15;85 w/w 


Mw of 
P(SA) 


Viscosity : 
P(STA:SA); 
15:85 w/w 


Viscosity 
P(SA) 


15 


7537 


, 18301 


0.178 


0.290 


30 


12419 


24682 


0.190 


0.330 


45 


16570 


42367 


0.202 


0.365 


60 


18792 


52865 


0.216 


0.423 


75 


20059 


64925 


0.224 


0.550 


90 


28233 


74320 


0.280 


0.565 


150 


32986 


202019 


0.269 


0.791 
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. In the foUowing examples,- for ease of Slusaation, 
degradation and release profiles of &tiy add tetminaaed 
polyinhydxides are described with reference to polymeh prepared 
from stearic add and sebadc acid. However, it should be understood 
that the present invendon is not limited to these polymers but includes 
die use of all of the above described £itty add tenninaied 
polyanfaydrides to provide controlled release of ffrhttanrfff. 



fa a mplg 2: Release of Mareaine Fr^ «nd Hydrochloride ' 
Salt from P(SrrA'fiA\ 

Marcaine HCl salt was powdered using pesde and mortar. 

IS The powdered drug was sieved through a 63 ^ sieve. Marcaine free 
base was purchased from Sigma Chemical Company, wiih a particle 
size of less than 30 microns. P(STA:SA)(I5:85) prepolymcrs and 
p(SA) prepolymers were prepared as described in Example 1. Other 
fttty add tetminaied polyanhydrides composed of 10% stearic 

20 add:90% sebadc add and 5% stearic acid:95% sebadc add were 

prepared by the method described in Example 1 , except that the initial 
conoentruions of stearic add and sebadc add were at Indicated. The 
resulting £uty add terminated polymers and were designated 
p(STA:SA)(10:90) and p(STA:SA)(5:95), respectively. 

25 Each &tty acid terminated polymer prepared by the above 

method was mdted separately at approximately 85*C and powdered 
drug, dther marcaine free base or marcaine HCl, was mbced 
thoroughly into it. The molten mixture was transferred into molds and 
allowed to solidify. The thus fojnmed drug-polymer coniposidons were 

30. removed from the molds and cut into rectangular slabs weighing 

approximately 120 mg each. The drug content of each slab was 10% 
w/w. 

Sustained drug release studies for each composition were 
conducted in 20 ml scindllation vials using 20 ml of 0.1 M phosphate 
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buifer at 37*C. The niarcaine released to the xeJeasing meduim was 
detexinined by HPLC, CIS reverse phase column using 60:40 
aceconunfeiO.l M phosphate bufler at a pH of 6.8. and a flow rate of 
1 mlNimnute. The amount of marcaine free bue and marcaine HCI 
salt zeleased from the various polymers as a function of time is 
icpicsentDd in Fi|ures 1 and 2, respectively. It is evident from the 
figures that increasing the ratio of stearic add prepolymer to s^cic 
acid prepolymer in the fiitiy acid terminated polymer* deocases the' 
release rate of the diug from the compositions. The release rate of the 
drug becomes almost linear at a stearic addtsebacic xistio of 1S:8S. 



E?gmpfe 3; Release of Bovine Serum Albumin from Fatw Add 
Tgrminairi , Kglyinhydrida 

Bovine serum albumin ("BSA") (0.1 gm) wrs uniformly 
dispersed in molten >imples of 40% stearic acid:60% sebadc acid and 
15 50% stearic acid:50% sebacic acid fatty add terminated polyanhydride 
(0.8 gm each) which were prepared according to the method of 
Exampb 1. The molten dispersion was compressed betvveen two glass 
. plates covered with teflon coated aluminum foil. Afbr cooling, the 
film was sqmated from the foil and cut into particles of th>n 1 

20 mm in dtamotor. Thp in vitro rcIcAsc of DSA from the aucxopoxticles 

was carried out in phosphate buffer Q^H 7.4) at 37*C. The 
concentration of BSA in the releasing medium was determined by 
HPLC using a size exclusion column (BioRad TSK gel) and 10% 
acetonitrile in pH 6.8 buffer soludon at a flow rate of 1 ml\nunuie. 
25 The drug was detected by IJV at 214 nm. 

The release profile is as shown in Hguxe 3. Afier an 
initial burst, the release of BSA was essentially linear for. two wedcs. 
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&aimfe4: p^TM«f ftf 5prav Dried Somatotropin from Rttv 
Add Teiminated PolvanhvdTMe 

Kficropanicles of hxty acid terminatpd polyanhydride 
contuidng bovine somatotropin wen prepared as described in Example 
5 3, using sebadc acid and stearic acid in a taiio of 85:15. The in viav 
zdease of tf» somatotropin from the microparticles was determined 
over time, using the method described in Example 2. 

About 60% of the drug was released in an active form from 
the fiuty add terminated polyanhydride over a period of 96 hours as 
10 dejcermihed by HPLC analysis. In comparison, only about 30^0% of 
drug was released in active form from p(SA). 

Eampfe 5; Prroaration pf Micrepaiticleg of ftny.Acid 

Terminated Pelvanhvdride rontaining Stabilized rfaSi 

A. PlBPaiatiQn of StabUized Bovine Somaiotrooin (rhSfS 
15 Recombinant bovine sonutotropin (rfoSt) (150 mg) and a 

stabilizer (37 mg) were dissolved in 200 mi of highly purified water. 
The solution was then traiufenred to a lyophilization flask, pre-frozen 
in a dry ice/acetone bath, and lyophilized by standard methods. The 
resulting wdiiie crystalline powder was then reduced to die desired 
20 partxde size by trinuating it in a mortar with pestle. The stabilizers 
evaluated were sucrose, potassium carbonate, sodium sul&te, 
deoxycholic add and polysorbate 80. In the case of polysorbate 80, 
die amount of rbSt and stabilizer were 100 mg and 5 rhg, respectively. 



B. Preparation of rbSt Containing "attv Add Tpmrinated Polymers 
25 Microparticles of fatty acid terminaied polyanhydride were 

prepared by combining stabilized rbSt (75 mg) with fiuty acid 
tenninattd polyanhydride (85:15 SA:STA) (300 mg) to obtain 20% 
w/w loading. Stabilized rbSt was added to the polymer pre-melted at 
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82*C. The melt di^rsion was mixed dioroaghly with a spamU and 
east mio « thin film. The thin film was then ground into pardcles of 
die dedxed average size by methods well loiown to those skilled in the 
ait. 

5 Using the method of Example 2; it was determined that 

almost 100% of the drug was released in an active form over a period 
of 3 days. 

EwmpIC ^; /« v/w» ^ftl^rf »f SpiMtagopin from Rittv 

Acid Tenninated Polvanhvdride In Vivo 

10 A film of fatty add terminated polyanhydxide (85:15 

SA:STA) (0.8 cm), containing porcine somatotropin (0l2 gm) was 
prepared as described in Example 4. The film was then crushed to 
obtain roicropanicles of less than 63 m in diameter. The 
ndcropartides were suspended in polyethylene glycol (PEG 200) and 

15 the soludon was injectr<d subcutanebusly into tats. Blood waplcs 
were taken at regular une intervals and serum was analyzed for 
porcine somatotropin by RIA assay. 

The release of porcine sonuuocropin from the microparticles 
was more prolonged than the release obtained by iiv'ecting a solution 

20 of porcine somatotropin alone. 

The desirable chemical and physical properties of the faSty 
zdd tenninated polyanhydrides permit the polymers to be formed into 
specific structures and used, for example, as laminates for degradable 
or nondegradable fabrics, as coatings for implantable devices, as 

25 baniers for adhesion prevention, as tubes- for nerve generation, and in 
guided tissue regeneration for periodontal disease, as well as for 
controlled drug delivery. These and other vaxiadons of the present 
invention will become apparent to one skilled in. the art. Such other 
embodunents are intended to fiaJl within the scope of the appended 

30 claims. 
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H • We daim: 

H ' 1. A £uty acid tertninaied polyanhydride. 

H. 2. The fiit^ acid terminated polyanhydxide of claim 1 of 

■ tfad formula: 

I 0 0 0 0 

■ il li 11 D 

■ R'-C-O-(-C-R<:-0-].-C-R' 

H wherein R is an aliphatic, aromatic, or hetero^dic moiety, R* is a 

■ linear hsty add residue of C« to Ca, ai^ n is an integer from 1 to 
I 500. 

H 3. The fat^ add terminated polyanhydrides of daim 1 

H ' formed by polymerizing fiatty acid prepolymers and dtcazboxylic add 

H prepolymers. 

H 4. The £itty add terminated polyanhydrides of claim 1 

H wherein the &tiy add is i^^Iectcd from the group consisting of caproic 

H add, caprylic add, capric add, lauric add. myristic add, palmitic 

H add, stearic acid, arachidic acid, behenic acid, lignoceric add, 

H heptanoic add, nonanoic add, undecanoic add, txidecanoic add, 

H pentadecanoic add, heptadecanoic acid, nonadecanoic add, 

H henetcosanoic add, tricosanoic add, aiachidonic acul, docosahexanoic 

H add, elaidic add, erucic acid, linoleic acid, linolenic add, nervonic 

H add, oleic add. palmitoleie acid and peoiselinic add. 

5. The filter add terminated polyanhydrides of daim 1 

H prqpared by polymerizadon or copolymerizanon of a dicazijoxylic add 

H selected from the group consisting of HOOC-H,C-Y-CHt*COOH; 
aromatie dicatboxylic acids, u defined by the fomuilM: 
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wheiein X»Ot N or S, n=l to 3; R*»R'=:an alq>hatic, sromanc or 
heteroaromatic moiety, and Y is a divalent oxganic radical; aroma&c 
heterocyclic dicarfooxyiic acids, and aliphatic aromatic heoerocyclic 
dicarboxylic adds; with a fiitty ncid. 
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6. The Usty add tenninated polyanhydxides of daita 1 
picpared by polymerization or copolymerizadon of a dieaxboxytic add 
sdected from die group consisting of tebadc add, phdiaEc add, 
teiepfufaalic add, isophdialic add, adipic add, l,l(Vdodecanoic add, 
bis([^<axboxypfaenaxyalkane), fiiniaric add, 1,4-dipfaenylenediacirylic 
add, bnnched moaomert sudi as l,3,S-benzenetri6ixb9xyIic add, 
azelde add, pimelic add, suberic add (octanedioic add), itsconic 
add, b^he&yl-4,4'-dicaxboxyIie add, and banzophMonM,4'« 
dicariioxylic add, pKaxfaoxyphenoxyaUcanoic add, hydnquinone-O.O- 
diacedc acid, 1,4-bis-caiboxyinethyl benzene, 2,2rhiiri4' 
faydxoxyphenyl)piopane-0,0-diacedc acid, 1,4-phenyleneKUpiopxonic 
add, and cydohexane dicaxboxylie add or dieir anhydrides or acid 
f^jffftA^* wiih a fasty add. 

7. The &tty add tenninated polyanhydrides of daim 1 
prepared by die polymerizadk/:! of sebacic add and stearic add, or 
their anhydrides or add chlorides. 

8. The fiitiy add teiminated polyanhydzide of claim 1 
wherein the fiitty add and the dicaiboxylic add, or dieir anhydrides or 
add chlorides, are combined in a ratio of 2 to 1000 iatty add units 
per 500 units of dicaiboxylic acid monomezs. 

9. The &tty acid tetminaied polyanhydride of daim 1 
wfaerdn the fimy add and the dicaiboxylic add aze mixed in a ratio of 
approxhoately 15 % £itty add prepolymer to approximately 85% 
dicaiboxylic add prepolymer by weight. 

10. The fiitty acid termmatcd polyanh}-dride polymers of 
daim 1 wfaeiein die polymen are soluble in organic solvents. 

11. The fittiy add tenninated polyanhydride polymers of 
daim 1 wherein the polymers are prepared by melt polycondensation. 

12. The £itcy acid terminated polyanhydride polymers of 
daiffl 1 fiother comprising a substance to be reletsed from the 
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polyaoi^diule polymers selected from the gcoop of proteins, 
caxbol^dtaiBS, and organic molecules. 

13. The £uty add terminated polyanhydride polymer of 
claim 12 wherein the substance to be released is selected fzom the 
group consisting of chemodieiapeudc agents, andbiodcs, andvirals, 
andfimgals, anninjQammatoxies, and andcoaguhats. . 

14. A method for syndiesiziag biodegradable £uEy add 
terminated polyanhydride polymers conq>nsing: 

a) synthesizing a &tty add ptqMlymer fitnn a fiuty add 
and a compound sdecied from the group conssting of an aliphatic 
anhydride and an aliphatic add chloride, 

b) syndiesizing a dicarboxylic add prepolymer from a 
dicarboxylic acid and a compound sdecied from the group consisting 
of on alq>faatic anhydride and an aliphadc add chloride, and 

' c) co-pplyrretizing the fat^ add prepolymer and the 
dicarboxylic add prepolymer to form a ftitty add tenninaied 
polyanhydride polymer. 

15. The method of claim 14, wherein the polyanhydride 
has the formula: 



0 0 



0 

II 



R*^-0.(-C-R.C-O-],-C-R* 



wherein R is an aliphatic, aromatic, or hetero^clic moieQr, R* is a 
linear £uty acid residue of C« to C^, and n is an integer from 1 to 
500. 

16. The method of claim 14 whettin die £atty add 
trrminafrd polyanhydrides are formed by polymerirtog &tty add 
prqK>lymers and dicarboxylic acid prepolymets. 
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17. The method of claim 14 wheiein the fttty tdd U 
sclfictfirt from the {loup eonsisdng of capxoic «dd, captyUc acid, 
ciprie tdd, Iiuiic add, myrisde add, pakoide add, ittirie add, 
aiadiidte add, befaeoie acid, lignocerie add, hqitanoic acid,' nonanoic 
add, oadecanotc add, tridecanoic acid, pentadecaaoic add, 
h^tadecanoic add, nonadecsnoic add, heneicosaaoie add, tricosanoic 
add, aododome add, docosahexanoic add, «Uddic add, enidc acid, 
linoteic add, linolemc add, netvonic add, oleic add, palmitoldc add 
and pMdsdinic add. 

18. The method of claim 14 whetein the dicazfaoxylic 
add is selBcied ftom die gzoup conslstiag of nOOC-I^C-T*CE^- 
COOI^ axomaiic dicazboxylic adds, as defined by the fonnalas: 



HOOC— ^ Y COOH 



HOOC- 



>COOB 



aromanb-jiTiphafic dicarboxylic acid, as defined by die fisxnnxia: 




COOK 
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■iipimrig heterocyclic dicaxboxylic adds defined by die fonnula: 




wfaerdn X»0, N or S» n»l to 3; R'R*»an al^hatiCt tromtdc or 
hecexoarotntic moie^, and Y is a divalent orsudc ladical; aiosiatic 
heteroqyctte dioxboxylic adds, and aliphade atomuie hetBiocyeUe 
dicaxboxylie adds; with a fast/ add. 

19. The method of daim 14 whezcjn tfao dicacboxylic add 
is setitctBd fipom the group consisting of sebadc add* phdialic add, 
terephduJic add, isophthalic add, adipic add, I,104odecanoic add, 
bisCp-cazboxypbenoxyalkane), fumaric add, l,4-dq>faeajienediactylic 
add, branched monomers such as l,3,5-beiu9Baetricatbo)grIxc add, 
azeletc add, pimelic add, suberic acid (octanedioic add), itaconic 
add, biphenyl-4,4'-dicarboxyUc add, and befizopbenone~4,4*'> 
dkazbojgrlic add, p-carfaoxyphenoxyaUouioic add, bydroquinooe^,0- 
diaoede add, l,4-bis<arboxyniediyI benzene* 2t2^lsK4- 
hytiroxyphenyi)propane-0,0-diacedc add, 1,4'phenyIeneKlipiopionxc 
add, and cydohexane dicaiboxylic acid or tfidr anhydndes or. add 
ddoxides widi a hay add. 

20. The method of claim 14 wherein hsxy add 
t^»mman^ polyanhydiides prepared by the polymenzation of sdiadc 
add and stearic add pt^lymers. 

21. ' The method of claim 14 wherein the £uty add and 
the dicaxboxylie add prepolymers are combined in a ado of 2 to 1000 
.fiuty acid units per 500 units of dicaxboxylie add monomeis. 



rial UO 9a x^«^o i^u«uwi t •^t 

. PCr/US92/07<01 



WO 93/05096 



06 iNO .our r .zo 
PCr/US92/07«01 



•25- 



22. The method of claim 14 wherdxi the fiitty add and 
the dicaiiboxylic add pxepolymers are mixed in a ratio of 
approxxmaiety 15% &tty acid piepoiymer.to approximaiBly 85% 
dieaxboxylxc add prepolymer by wei^t, 

23. The method of daim 14 wherein die polymers are 
soluble in organic solvents. 

24. The method of claim 14 wherdn the polymers are 
prepared by melt polycondensation. 

25. The method of daim 14 further comprising combining 
the polyanhydride with a substance to be released from the 
polyanhydride polymers selected from the group consisting of proteins, 
carbohydrates* and organic molecules. 

26. The method of claim 14 wherein the substance to be 
released is selected from the group consisting of chemotherapcutic 
agents, antibiotics, andvindi), antifungals, antiinflammatories, and 
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